Abstract. The aim of this study was to evaluate the cytocompatibility, cell ingrowth and extracellular matrix deposition of a newly developed porous bioactive glass as a bone substitute. Two types of bioactive glass, different in their pore size (75 and 20 ppi, resp. ~350 and ~1200 µm), were used in this study. The materials were seeded with human osteoblastic (MG63) and fibroblastic (M-228 F01 and M-191 F01) cell lines. The cells were visualized by two techniques, scanning electron microscopy and confocal microscopy. For confocal microscopy cell nuclei were labeled with propidium iodide (IP) and the extracellular matrix components (type I collagen and osteocalcin) by specific antibodies. Cells and matrix were visualized by fluorescence.
Introduction
Nowadays, due either to pathologies or trauma, many tissues in human have to be repaired, restored or replaced. As far as bone is concerned, several grafting techniques are possible, autografts, allografts or xenografts. One advantage of autograft is that there is no immune reaction. However the patient endures pain and this procedure requires two surgical operations. The two other types of graft imply to take a piece of bone from a foreign mammalian (human or animal) and to place it into the patient. This method can induce immune response or transmission of diseases. Since 1988, it was proven that organ and tissue grafts could be contaminated, in particular by HIV during the asymptomatic phase [1, 2] . Security considerations lead scientists to consider the use of "artificial" bone [3] . Among these materials bioceramics based on hydroxyapatite and tricalcium phosphate or dense bioactive glass have been used as bone substitute in orthopaedic, craniofacial and oral surgeries. Since 1970, calcium phosphate systems, in particular hydroxyapatite, have been the subject of intensive investigation for medical implants, because they are usually bioactive and can bind directly to bone. Their usually low mechanical strength limited their use in clinical practice. The use of glass-ceramics derived from bioactive glasses (such as Bioglass®) may be a promising solution to this problem [4, 5] .
The aim of this study was to evaluate the cytocompatibility, cell growth and matrix extracellular deposition of a newly developed porous bioactive glass as a bone substitute [6] . The substitutes were seeded with human fibroblasts or osteoblasts derived from a cell line. The cells were visualized by two techniques, scanning electron microscopy and confocal microscopy. For confocal microscopy cell nuclei were labeled with propidium iodide (IP). The extracellular matrix components (type I collagen and osteocalcin) were labeled by specific antibodies and also visualized by fluorescence.
Materials and methods
Ceramics. The bioactive glass scaffolds (Bioglass® 45S5) used in our study were elaborated using a classical polymer foam replication technique. It contains: 45% SiO 2 , 24.5% Na 2 O, 24.5% CaO and 6% P 2 O 5 in weight. They were in the form of blocks of 10 mm in diameter and 5 mm thick for cell culture; they were different in their pore size and named micro-porous (75 ppi) and macroporous (20 ppi) glasses. The biomaterials were treated with SBF (Simulated Body Fluid) during a period between 15 and 20 days before cell seeding [7] . Cell culture. Two types of cells were used in our study; human osteoblasts (human osteoblast like cells MG-63, ref. American Type Culture Collection, Rockville, MD) and two stumps of human fibroblasts (M-228 F01 and M-191 F01). Cells were cultured in 25 cm² tissue flasks in the presence of Dulbecco's modified Eagle's medium supplemented with 10% fetal calf serum and ciprofloxacin. The flasks were incubated at 37°C, 5% CO 2 , saturated with humidity until confluent monolayer and then sub-cultured after trypsination.
For cell seeding the disks of biomaterials were immersed in culture medium for 30 min then, 80-110 µL of culture medium containing 10 5 cells (for both osteoblasts and fibroblasts) were dispersed upon on the disks placed in 24 wells plates. After 30 min of incubation in humidified atmosphere at 37°C and in presence of 5 % CO 2 , 1mL of culture medium was added. The medium was changed twice a week. Cellular viability and proliferation. The cellular viability and proliferation were evaluated using the MTT test as described previously [8] . Scanning electron microscopy. Scanning electron microscopy allowed us to visualize the biomaterial surface at a high magnification. Samples were fixed by AFA 0.8% for 2 hours at ambient temperature then washed with PBS and dried the day of the observation. The samples were examined at 3, 9 and 30 days with an Environmental Scanning Electron Microscope (ESEM, FEI XL30, Eindhoven, The Netherlands). Confocal microscopy. Cells were labeled by propidium iodide and observed by a confocal laser scanning microscope (CLSM), Leica TCS SP2, as described by Heinrich et al. [9] . Newly synthesized type I collagen and osteocalcin were labeled by specific antibodies [Maksoud et al. in preparation]. The observations were done at different times, 3, 9 and 30 days.
Results
MTT Test. There were no significant differences between curves obtained after culture with or without the porous bioactive glass-ceramic which demonstrates the absence of toxicity of the biomaterial. Scanning electron microscopy. SEM observations (Fig. 1) showed us the cell growth at the biomaterial surface which appeared increasing with time. At early time (three days), in both macroand micro-porous bioglass, we observed cells which hooked on the bioglass granules. At day 9, cell population became more important and began to fill up the pores at the surface and also in the depth of the disks. At a late time of culture (thirty days), the micro-porous disks surfaces were approximately totally covered by the cellular layer. On macro-porous glass, the cellular layer was seen but not all the biomaterial surface was covered. Fig. 1 Scanning electron microscopy micrographs of the two types of bioglass at 3 days of culture: (a) macro-porous bioglass, magnification X500. (b) micro-porous bioglass, magnification X1000.
Confocal microscopy. The observations with the confocal microscope permitted us to study cell ingrowth into the depth of the biomaterial (Fig. 2) . Cells labeled by propidium iodide were seen in red, the matrix in green and the biomaterial in grey. We were able to observe the cells in the depth of 340 µm in average for both types of bioglass.
The pictures obtained at the third day showed us the cells but not the matrix which put in evidence that the extracellular matrix deposition began after three days of culture for both macroand micro-porous disks. Type I collagen synthesis was evidenced later (at day 9) and more importantly than that of osteocalcin. This deposition increased with time both at the surface and in the depth of the material.
Discussion and conclusion
This study showed first that 45S5 bioactive glass with both porosities was biocompatible and had no cytotoxicity on the cells. As shown by SEM observations the cells hooked on the biomaterial and their growth began weakly at the surface but with time it became more important and continued in the depth of the disks. At a late time of culture, the biomaterial was totally covered by the cells, which was clearer with the micro-porous bioglass. This point can be explained by the large dimension of the pores in the macro-porous bioglass, 500 to 1000 µm compared to the size of a cell. Using confocal microscopy, we also showed that extracellular matrix was synthesized, mainly in the upper levels of the biomaterial where the cell population was the most confluent. An additional advantage of this technique is that histological sample preparation is not needed.
In summary, this study show that cell colonization and extracellular matrix deposition occurs in the porous bioactive glass. Further in vitro and in vivo experiments are in progress to demonstrate the potentialities of this newly developed porous bioglass for bone repair.
